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. . FLIGHT EXPERIENCE WITH TWO BXGE-SPEED AfKpLANEs 

COUPLING IN AILERON R O U S  

By NACA High-Speed Flight Station 

During  flight  tests of two high-speed  airplane  configurations, 
violent  cross-coupled  lateral and longitudinal  motions  were  encountered 
following  abrupt  rudder-fixed  aileron  rolls.  Tbe  speeds  involved 
ranged  from a Mach number of 0.7 to 1.05. The  motions  were  character- 
ized by extreme  variations in angles of attack & sidesllp  which 
resulted in load factors as large as 6.7g (negative) and 7g  (positive) 
normal  acceleration and 2g transverse  acceleration. 

llirmRoDUCTION 

During  flight  testing of the X-3 stralght-wing research airplane 
and a swept-wing  fighter-type  airplane, a nuniber  of  aileron  maneuvers 
were  performed which resulted  in  extremely dolent inadvertent  lateral 
and  longitudinal  motions. In the  case of the X-3 the  inadvertent 
motions  resulted  from  level-flight  aileron  rolls  at M = 0.92 and 1.05. 
The fighter  airphzne  encountered the vfolent  motions  as a result of an 
aileron  roll  at EQ= 0.70. In all cases the  motions  were  characterized 
by the  attainment of large angles of sideslip  and  attack w i t h  resulting 
high load  factors. 

The  present  paper  presents  the  first data with little attempt  at 
analysis,  since  it is felt that data sharing this  behavior  will  be of 
general  interest  in  that  other  current  airplanes  might  be expected to 
encounter similar behavior. 
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SYMBOLS 

L 

" 

transverse  acceleration a t  center of gravity, g units 

normal acceleration, g units 

s t ructural  bending-moment l d ,  exposed panel, in.-lb 

airplane normal-force coefficient, &w/~s 

aileron  stick  force, lb 

rudder pedal force, lb 

elevator  stick  force, lb 

pressure altitude, ft . 
incidence angle of all movable tail, leading edge up is 

positive, deg 

structural  shear load, exposed panel, lb 

Wch nlzmber, corrected  foclevel-flight  position error 

s t ructural  torque load, exposed panel about the q w t e r -  
chord of the panel mean aeroaynamic chord, in.-lb 

static  pressure,  ~ b / S k  f t  

rol l ing an- velocity,  radians/sec 

rol l ing angular acceleration,  radians/sec2 

pitching ang~lar velocity,  radiane/sec 

aynamic pressure, 0.7 #P 

pitching an- accelerat ion,   raans/sec2 

yawing ear velocity,  radians/sec 

yawing angu~ar acceleration,  radians/sec2 

. ." 

wing area, sq ft 
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W 

a 

B 

8, 

E r  

Subscripts : 

W 

m 
VT 

time, sec 

-lane weight, lb 

indicated angle of attack, deg 

indicated  angle of sideslip, deg 

aileron angle, deg 

r-r angle, deg 

Wing 

-bo r i zmta l  t a i l  

ver t ica l  tail 

The mss and gecmetric chmacterfstics of a f rphne  A, the 
X-3 research  airplane,  are  presented i n  table I, a  three-view drawing 
is shown as figure 1, and photographs are  sham as  f igure 2. 

Airplane B is  a fighter "pe, the mass and geometric  character- 
i s t i c s  of w h i c h  are  presented  in table 11. A three-view d r a ~ n g  is 
shown as figure 3 and photographs as  figure 4. 

Both of the airplanes were instrumented t o  record those  quantities 
required for stability and control and wing and t a i l  lnad inveetigations. 
&e loads were measured by means of strain gages located a t  the root 
stations of the surfaces of sirplane A and airplane B. 

The MELch numbers presented  are  corrected by the airspeed  calibra- 
t ion obtained i n  leve l  flight for airplane A and from the  manufacturer I B 
calibration for airplane B. 

L 

L. 

TEST, RESUIES, AND DISCUSSION 

The aileron maneuvers presented in this paper were perfarmed during 
investigations of handling qualit ies and  wing and tail structural  and 

c 
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aerodynamic loads and cdnsisted of abrupt 
performed from a wings level   a t t i tude.  

aileron rolls w i t h  rudder  fixed 

The time history of an abrupt left  a i l e ron   ro l l  for airplane A 
flying a t  a mch number of about 0.92 a t  an al t i tude of 30, OOO feet is 
presented as figure 3. While the ailerons are deflected  for the aileron 
ro l l ,  a favorable  sideslip  angle is generated,  together with a rather 
large increase in  angle CS attack. (The initial decrease i n  angle of 
attack is probably attr ibutable  to  pilot   stabil izer  control  input.)  A t  
time 3.8  seconds,  even though the p i lo t  is n m  applying loo right aileron 
control, left rolling  velocity  increased and exceeded 5 r a d i w / s e c  
accmpanied by violent pitching and sideslipping motiona. During t h i s  
uncontrollable  phase of  €he  maneuver,. an &le of attack of 20' and lef t  
sideslip  angle of 1.6~ were encountered. It might be of Fnterest t o  note 
t ha t  the onset of' the rLolent maneuver coincided with the attainment of 
the angle of attack (a = 80) a t  which unpublished flight data indicates 
the occurrenceoof reduction of longitudinal  stability. Also, the angle 
of attack of 8 corresponds t o  the angle of a t t a c k   a t  which a reduction 
i n  the measured wlng l i f t  slope occurs; therefore, large wing loads were 
not  experienced at the maximum angles of attack (fig.  5 (c ) ) , After the 
primary roll ing motion has subsided a t  t = 5 seconds, the   large  la teral  
and longitu&inal motions -damp f a i r l y  we=. 

Another l e f t  roll time history for airplane A is  presented i n  
figure 6 fo r  a mch nmiber of about 1.05. During this maneuver the 
favorable  sideslip builds up rapidly with ro l l   ve loc i ty  and peaks a t  
210 at  the time the airplane  ceases  rolling left .  Thia large s idesup  
angle  results  in about 2g transverse  acceleration. N e a r  the time at  
which maximum sidesl ip  occurs (t ZJ 4.0 sec) a large  divergence i n  
pitch develops i n  the negative  direction w h i c h  a t ta ins  about -6.7g. 
The pilot  applied control t o  stop this pitch-down and immediately 
reduced the control  deflection, but was unable to avoid  obtainfng 7g 
when the  airplane  pitched up. b&xlmma wing loads measured during the 
maneuver did not approach or exceed the design limit load (fig.  6(c)) j 
however, the fuselage load obtained from airplane w e i g h t  and acce-lera- 
tion, and horizontal tail loads, and wing load shared maximum values of 
63,000 pounds. These maximurn values approximated the limit design t o t a l  
load of the fuselage. The measured horizontal tail loads were near 
limit design load ( f ig .  6(d)) . The maximum measured vert ical  tail loads 
reached  approximately 50 percent of the limit load (fig.  6(e) ) a t  side- 
s l i p  angles of 21°. It may be noted tha t  a reduction  in. vertical tail. - 
load with sidesl ip  Was experienced at .   s id&sep  &gGs about Bo. I n  th i s  
maneuver, as i n  figure 5 ,  When the  roll ing stopped, the airplane motions 
quickly damped. 

The measured q w t i t i e s   f o r  an abrupt l e f t  ai-leron r o l l   f o r  airplane B 
a t  an al t i tude oP3Q,OOa feet and a mch number of 0.70 are shown as 
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figure 7. Unfortunately, the r o l l  record was l o s t  as a resu l t  of 
instrument  malfunctioning. As peak afleron  deflection is attained, 
there is a  steady develgpment of left (adverse)  sideslip and a pro- 
gressive  decrease  in angle of attack. Between t = 3 second6 and 
t = 4 seconds, the divergence rates are accelerated  coneiderably and 
negative  angles of attack  greater than 160 (&.kg) and left sideslip 
angles as large as 260 w e r e  reached i n  the more Tiiolent stages of this 
maneuver. Mxximum ver t ica l  tail loads of 5,500 pounds w e r e  meaaured a t  
a sidesup  angle of 260 (fig.  7(c)) . It may be noted that appreciable 
reduction i n  the r a t e  of increase of ver t ica l  tail loads with increase 
in   s ides l ip  angle occurred a t  a sideslip angle of ‘To. It also should 
be  noted that a rather large s t a b i l i z e r  input t o  oppose the motion and 
a small rudder i n p u t - t o  aggravate the motion w e r e  fed in by the pi lot .  
Recovery was affected by bringing  the  s-kbilizer and rudder controls 
close to their i n i t i a l  settings and permitting the airplane t o  recover. 
The slat motions shown result from aeroaynamic and ine r t i a  loads, the 
slats being free floating but Kith the segments loosely  interconnected. 

The behavior of the two airplanes in the aileron r o l l s  i s  shilar 
in   tha t   l a rge  cross-coupling effects  are evidenced. The airplanes are 
loaded primarily along the fuselage, particularly in the case  of 
airplane A, so  that considerable  inertial  coupling is expected  (see 
re f .  1) . . 

CONCLUDING REWRTSS 

It is evident fram the time histories  presented  herein that violent 
coupled pitching and yawing motions c&ll be encountered  during  abrupt 
aileron maneuvers. This motion is sufficiently  violent t o  cause the 
p i lo t  t o  lose  control of the  airplane and could easily r e s u l t   i n  strut- 
tural failure. - 

High-speed Flight  Station, 
National Advisory Committee f o r  Aeronautics, 

Edwards, Calif., Deceniber 27, 19%. 
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1. Phillips, W i l l i a m  H.: Effect of S t e a d y  Rolling on Longitudinal and 
Mrectional Stabil i ty .  NACA TN l.627, 198. .I 
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TABU I 

7 

I 

c 

. 

. 

WFng: 
Air fo i l  section . . . . . . . . . . . . . . . . . .  
Airfoil  thickness ...... percent chord . . . . . .  
AFrfoil  leading and trailing edge anglee. deg . . .  
TOwWeB,.6qft  . . . . . . . . . . . . . . . . .  Span. f t  . . . . . . . . . . . . . . . . . . . . .  
&an aerodynamic chord. f t  . . . . . . . . . . . .  
Root chard. f% . . . . . . . . . . . . . . . . . . .  
TLp chord. f t  . . . . . . . . . . . . . . . . . . .  
Taper ra t io  . . . . . . . . . . . . . . . . . . . .  
Aspect r a t i o  . . . . . . . . . . . . . . . . . . .  
Sweep a t  0.75 chord line. deg . . . . . . . . . . .  
Incidence. deg . . . . . . . . . . . . . . . . . .  
Dihedral. deg . . . . . . . . . . . . . . . . . . .  
Geome-tsic twist. deg . . . . . . . . . . . . . . .  
Aileron  area sft of w e  l i n e  (each). sq ft . . .  
Aikron  spar^ a t  hinge Une (each). f t  . . . . . . .  
Aileron chord aft of hinge line. percent wing chard 
Aileron t ravel  (each). deg . . . . . . . . . . . .  
Ieading edge flap. type . . . . . . . . . . . . . .  
hading edge f lap  area (each). sq f t  . . . . . . .  
b a g  edge flap span a t  hinge Une (each). f t  . . 
Leading edge f lap  chord. n6xmk.l. t o  hFnge line. i n  . 
Ieading edge f lap travel. deg . . . . . . . . . . .  
Trailing edge flap. tyBe . . . . . . . . . . . . .  
Traiung -e flap area (each). sq ft . . . . . . .  
Trailing edge f lap  span. ft . . . . . . . . . . . .  
Trailing edge flap chord. percent wing chord . . .  
Trailing edge flap travel. deg . . . . . . . . . .  

I . Modified hexagm . . . . . . .  4.5 . . . . . . .  8.58 . . . . . . .  166.50 . . . . . . .  22.69 . . . . . . .  7.84 . . . . . . .  m.58 . . . . . . .  4 . n  . . . . . . .  0.39 . . . . . . .  3.09 . . . . . . .  0.00 . . . . . . .  0.00 . . . . . . .  0.00 . . . . . . .  0.00 . . . . . . .  4 . a  . . . . . . .  3-25 . . . . . . .  25.00 . . . . . . .  t12.00 . . . . . . .  Plain . . . . . . .  8.38 . . . . . . .  8.916 . . . . . . .  n.50 . . . . . . .  30.00 . . . . . . .  spllt . . . . . . .  8.61 . . . . . . .  5.083 . . . . . . .  25.00 . . . . . . .  50.00 
Horizontal tail: 

A i r f o i l  aection . . . . . . . . . . . . . . . . . . . .  W i f i e d  hexagon 
Airfo i l   th ichess  r a t i o  at root chard. percent chord . . . . . .  8.01 
Airfoil thickness ratio outboard station 26. percent chord . . .  4.50 
Airfoil  hading edge angle. deg . . . . . . . . . . . . . . . . .  n.96 
Ai r fo i l  -tsaiUng edge angle. deg . . . . . . . . . . . . . . . .  8-77 
mtal area. sq ft . . . . . . . . . . . . . . . . . . . . . . . .  43.24 
 pan. f t  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  13.77 
&an aerodynamic chard. ft . . . . . . . . . . . . . . . . . . .  3.34 
Root chard. f t  . . . . . . . . . . . . . . . . . . . . . . . . .  4.475 
Tip chord. ft . . . . . . . . . . . . . . . . . . . . . . . . . .  1.81k 
Taper ra t io  . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.4- 
Aspect r a t io  . . . . . . . . . . . . . . . . . . . . . . . . . .  4.38 
Sweep a t  leading edge. deg . . . . . . . . . . . . . . . . . . .  
Sweep a t  trailing edge. deg . . . . . . . . . . . . . . . . . . .  0 
D i h e d r a l .  deg . . . . . . . . . . . . . . . . . . . . . . . . . .  0 
Travel. le-ng edge up. deg . . . . . . . . . . . . . . . . . .  6 
Travel. leading edge down. deg . . . . . . . . . . . . . . . . .  17 
Hinge l ine  locatton.  percent root  chord . . . . . . . . . . . . .  46.46 
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TABLE I.- Concluded 

PHYSICAL C H A R A ~ I S T I C S  CfF AIRfm A 

Vertical tail: 
Airfoil section . . . . . . . . . . . . .  
Airfoil thickness ra t io ,  percent chord . 
Airfoil leading and t ra i l ing edge angles, 
Area, sq f t  . . . . . . . . . . . . . . . .  
span, f t  . . . . . . . . . . . . . . . .  
wan aerodynamic chord, f% . . . . . . .  
Root chord, f t  . . . . . . . . . . . . .  
Tip chord, f t  . . . . . . . . . . . . . .  
Taper ra t io  . . . . . . . . . . . . . . . .  
Aspect ratio . . . . . . . . . . . . . .  
Sweep Ert leading -e, deg . . . . . . .  
Sweep a t  trailing edge, deg . . . . . . .  
Rudder span a t  hinge line, f t  . . . . . .  Rradder mea, aft of hinge line, 8q f t  . . 
Rudder rookchord, f t  . . . . . . . . . .  
Rudder t i p  chord, f t  . . . . . . . . . .  
Ruader travel, deg . . . . . . . . . . .  

. . .  . . .  

. . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  

. .  

M i f i e d  hexagon . . . . .  4.5 . . . . .  8.50 . . . . .  23.73 . . . . .  5.59 . . . . .  4.69 . . . . .  6.508 . . . . .  1.93 . . . . .  0.292 . . . . .  1-315 . . . .  :: 45.00 . . . . .  9.39 . . . . .  5.441 . . . . .  3.535 . . . . .  1.90 
1- 097 . . . . .  +20 

. . . . .  

Fueelage : 
Length including boan, f t  . . . . . . . . . . . . . . . .  66.75 
Maximum width, ft . . . . . . . . . . . . . . . . . . . .  6.08 
M ~ ~ i m u m  height, Ft . . . . . . . . . . . . . . . . . . .  4.81 
Base area, sq f t  . . . . . . . . . . . . . . . . . . . .  7.94 

Power Plan t :  
%o Westinghouse J-34-WE-17 wlth afterburner . . 

Thrust each engine (guarantee SL) lbs - afterburner . . .  4,850 
MU- . . . . . . . . . . . . . . . . . . . . . . . .  3,370 

Airplane Weight, lb: 
%sic without fuel, 011, water, pilot) . . . . . . . . .  G,UO 
T o t a l  I f u l l  fuel, oil, water no .pilot) . . . . . . . .  21,900 

Center of gravity  location, percent E: . ............... 

Basic weight - gear dam 2.63 
Total weight - gear dawn . . . . . . . . . . . . . . . .  4.59 
To ta l  weight - gear up . . . . . . . . . . . . . . . . .  3.91 

- -. - -. . . . . . . . . . . . . . . . .  
. . . . . . . . .  

... 

;F 

m n t s  of inertia (estimated far to t a l  weight) : 
Ix, slug-ft2 . . . . . . . . . . . . . . . . . . . . . .  4,100 
ry, 61ug-ft2 61,m . " . . . . . . . . . . . . . . . . . . . . . .  
I,, slug-ft2 . . . . . . . . . . . . . . . . . . . . . . .  65,100 . . . .  

I=, elug-ft2 . . . . . . . . . . . . . . . .  .i . . . . . . . . . . . .  4,-200 * 

Inclination of principal axis (estimated) below 
reference a x i s  a t  nose,  deg . . . . . . . . . . . . . . .  3 
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ICABLF. 11 

PHYSICAL -TICS OF AIRPIANE B 

9 

.. 
L 

n 

. 

wing:  
Airfoil  section . . . . . . . . . . . . . . . . . . .  
Tatal area (Includlng afleron and 83.84 sq ft covered 
by fuselage). sq ft . . . . . . . . . . . . . . . .  Span. f t  . . . . . . . . . . . . . . . . . . . . . .  
*an aeroaynamic chord. ft . . . . . . . . . . . . .  
Root chord. f t  . . . . . . . . . . . . . . . . . . .  
Taper ratio . . . . . . . . . . . . . . . . . . . . .  
Aspect ratio . . . . . . . . . . . . . . . . . . . .  
Incidence. deg . . . . . . . . . . . . . . . . . . .  
Dihedral. deg . . . . . . . . . . . . . . . . . . . .  
Gecgnetric twist. deg . . . . . . . . . . . . . . . .  
Aileron erea ~ P L  of hinge line (each). sq f t  . . . .  
Aileron span a t  hinge  =ne (each). f t  . . . . . . . .  
Aileron chord aft of hinge line. percent KFng chord . 
Aileron travel (each). &g . . . . . . . . . . . . .  
Irreversible hydraulic booat and artificial feel  
Aer-c balance . . . . . . . . . . . . . . . . .  
Static balance . . . . . . . . . . . . . . . . . . .  
Leading edge slat span. equivalent. ft . . . . . . .  
Leading edge slat segments . . . . . . . . . . . . .  
Leading edge slat spanwfse location. Inboard en&. 

kading edge slat spaarise location. outk~oard end. 
percent wing semis- 

Leading edge slat ratio of slat chord t o  King chord 
percent wing semispan 

( p s r u e l   t o  f ~ a e ~ g e  reference =ne). percent . . 
Leading edge slat rotation. maximum. deg . . . . . .  

IMP chord. f t  . . . . . . . . . . . . . . . . . . . .  

Sweep a t  0.5 chord line. deg . . . . . . . . . . . .  

. . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . .  

. . . . . .  

. . . . . .  . . . . . .  . . . . . .  . . . . . .  . . . . . .  . . . . . .  . . . . . .  . . . . . .  . . . . . .  . . . . . .  . . . . . .  . . . . . .  . . . . . .  . . . . . .  . . . . . .  

. . . . . .  . Internal . . . . . .  . . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  . . . . . .  
Horizontal tail: 
Airfoil section . . . . . . . . . . . . . . . . . . . . . . . .  
Total area (including 31.65 sq f t  covered by fuselage). sq f t  . 
Mean aeroaynamic &or&. ft 
Root  chord, f t  . . . . . . . . . . . . . . . . . . . . . . . .  
Tip chord, ft . . . . . . . . . . . . . . . . . . . . . . . . .  
%per ratio . . . . . . . . . . . . . . . . . . . . . . . . . .  
Aspect ratio . . . . . . . . . . . . . . . . . . . . . . . . .  
Sweep at 0.25 chordlihe, deg . . . . . . . . . . . . . . . . .  
Dihedral, deg . . . . . . . . . . . . . . . . . . . . . . . . .  
Travel, leading edge LIP, deg . . . . . . . . . . . . . . . . .  
Travel, leading edge dm, deg . . . . . . . . . . . . . . . .  
Irreversible hydraulic boost and ar t i f ic ia l   feel  

. . . . . . . . . . . . . . . . . . . . . . . . . . .  Span. f t  . . . . . . . . . . . . . . . . . .  

WCA &A007 

. . .  376.02 . . .  36.58 . . .  11.33 . . .  15.86 . . .  4.76 . . .  *30 . . .  3.56 . . .  -45 . . .  0 . . .  0 .  .. 0 . . .  19-32 . . .  7.81 
I * . 25.00 . . .  i15.00 
. . .  
leaa Keighte 

None 

. . .  12.71 . . .  5 

. . .  24.6 

. . .  94.1 

. * . 20.0 . . .  15.0 

mcA . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  

6AW3 . 5 
I g8.M . B.72 .5.e . 8.14 . 2.46 . 0.30 . 3.54 
. 4 5  

0 
5 

25 

V e r t i c a l  tail: 
Airfoil section . . . . . . . . . . . . . . . . . . . . . . . .  HACA 65AoO3.5 
Area (excluding 3.16 ~q ft d o r e d  f in  and 2 . u  sq f t  
blanketed by fuselage). ~q f t  . . . . . . . . . . . . . . . . . . . .  3 3 . 9  

span (unblat~reted). ft . . . . . . . . . . . . . . . . . . . . . . . .  6.14 
&an aeroaynamic chord. f t  . . . . . . . . . . . . . . . . . . . . . .  5.83 
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Root chord, ft.7- : .*; 
Taper ratio . . . . . . . . . .  , . . . . . . . . . . . . . . . . . . . .  
Aspect r a t i o  . . . . . . . . . . . . . . . . . . . . . . . .  . . .  
Sweep a t  0.25 ch- line; deg . . . . . . . . . . . . . . . . . . .  
Rudder area, aft of hinge line, sg ft . . . . . . . .  , . . . . . .  
R u d d e r  span at hinge line, f t  . . . . . . . . . . . . . . . . . . . .  
Rudder root chord, f t  . . . . . . . . . . . . . . . . . . . . . . .  
Rudder t i p  chord, f t  . . . . . . . . . . . . . . . . . . . . . . . .  
Ruddertrave1,deg . . . . . . . . . . . . . . . . . . . . . . . . .  
Rudder spaarlse lmiatian, inboard end, percentrudder span . . . . .  
Rudder spanwlse location, outboard end, pW+nt mid.&r span .: . . . .  

chord, per sn t  vertical  till chord . . . . . . . . . . . . .  
Rudder aerdynamlc  balm& . . . . . . . . . . . . . . .  Overhanging, 

-., . i -  -. ___r" -,"- -. -.- -- - .  . . . . . . . . . . . . . . . . . . . . .  
Tip chord, ft . . . . .  * . .  * . . . . . . . . . . . . . . . . . . .  . . .  . ., . 

Fuselage: 
kngth (afterburner nozzle c h a d )  , f t  . . . . . . . . . . .  : . .  ; 
side area f'tow), eq f t  . .  . . . . . . . . . . . . . . . . . . .  
Fineness ratio  (afterburner nozzle  closed) . . . . . . . . . . . . .  
wimum width, ft . . . . . . . .  * . . . . . . . . . . . . . . . .  
Mexlnnm de th  Over canopy, ft . . . . .  * . . . . . . . . . . . . .  

Clesn airplane: 
Total eurface  area; sq f't . . . . . . . . . . . . . . . . . . . . .  
Total P r o ~ t ~ l  area, sq f t  . . . .  : . . . . . . . . . . . . . . . . .  . . . . . . .  - 

Speed brake: 
Surface mea, sq f t  . . . . . . . . . . . . . . . . . . . . . . . .  
hk i rmun  deflection, deg . . . . . . . . . . . . .  , . . . . . . . .  

Power plant: 
One Prat t  and Whitney 3 7 9 7  turbojet engine w i t h  afterburner 

M i l i t a r y , l b . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Norma1,Ib . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
TBrust ( g u a r a n t e e  sea level), afterburner, lb- . . . . . . . . . . .  

Airplsne weight, lb: 
Basic wit2aout fuel, oi l ,  water, pilot)  . . . . . . .  . . . .  * . 
mtal f full fuel, oil ,  water, piiot)  . . . . . . . . . . . . . . . .  . .  . .  

Center-&-gravity  Location, percent E :  
Total weight - gem d m  . . . . . . . . . . . . . . . . . . . . . . . .  
Total weight - gear up . . . . . . . . . . . . . . . . . . . . . . .  

Moments of iner t ia  (eet-ted for t o t a l  weight) : 
I x t S l U g -  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Iy, elug-ft2 . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Iz, alug-ft2 . . . . . .  * . .  .. . . . . . . . . . . . . . . .  * . . .  
Imyslllg-ft2 . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . .  . .  .. - -  

. . .  

l3clinakLcm of principal a x i s  ( e a t h t e d )  belaw reference 
axis at nose, deg . . . . . . . . . . . . . . . . . . . . . . . . .  

- - 7 : r  
0.428 
3-32 

1.06 
45 
6.3 
3.33 
2.27 
1.50 
t20 
3.6 
57.9- 
30.00 

unsealed 

1546.58 
"53.82 
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50 
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24,800 

31.80 
31.80 
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Figure 1.- A three-view drawing o f  airplane A. A l l  dimensions in Inches. 

. .  



. .  .. . . . . . . . . . . . . . . . .. . . . . .  

(a) We-quarter f ron t  dew. 

Figure 2. - Photographs of airplme A. 

.. ,. 
. . .. . . . . .  . .  . . . . . . . . . . . . . .  



(b) side view. 

Figure 2.- Concluded. 
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Figure 3 . -  Three-view drawlng of airplane B. A l l  dimensions in inches. 
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(a) Sib  view. 

Figure 4.- Photographs o f  airplane B. 

. . .. 
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(b) Three-quarter rear view. 

Figure 4.- Continued. 



(c) me-quarter front view. 

Figure 4.- Concluded. 

. .. . .   . .  
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(a) Stabi l i ty  and cont ro l  plots.  

Figure 5.- Time history of quantitiea measured during an abrupt  aileron 
roll with airplane A at M S= 0.92. hp - 30,000 feet. L 
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(c ) Wing structural loads. 

Figure 5.- Continued. 
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(d) Horizontal t a i l  structural loads. 

Figure 5 .- Continued. 
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( e )  vertical t a i l  structural loads.  

Figure 5 .  - Concluded. 
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(a) Stability and control plots.  

Figure 6 . -  Time history of quahtities measured W i n g  an abrupt aileron 
roll with airplane A at M = 1.05. hp = 30,000 feet. 
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(b) Stabi l i ty  and control plots.  

Figure 6 : - Continued. 
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(c) w i n g  structurd loads. 

Figure 6. - Continued. 
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(a) Horizontal t a i l  structural loads. 

Figure 6. - Continued. 
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(e) Vertical tail structural loads. 

Figure 6 .- Concluded. 
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(a) Stability and control p l o t s .  

Figure 7.- Time h is tory  of quantities measured dur ing  abrupt ai leron r o l l  
with airplane B at  M = 0.70. % = 30,OOO feet. 
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nm, t, sec 

(a) Stability and control plots .  
. 

Figure 7.- % ' h e  h i s to ry  of"quantitie6 measured during abrupt   a i leron  rol l  
. .  - . . . . . . -. . .. . . ." . .. " . .. " 

with airplane B at  M = 0.70. $ S= 30,000 feet. 
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(b) Stabi l i ty  and control plats.  

Figure 7.- Continued. 
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(c) Vertical tail structural 

Figure 7. - Concluded. 

loads. 


